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PROBLEM TO BE SOLVED: To provide a method or producing a high toughness seamless 
steel pipe having high strength and low yield ratio, furthermore excellent in SSC 
(suphide stress cracking) resistance or more over having a fine-grained structure 
by regulating the steel components and rolling-heat treating conditions. 

SOLUTION: A slab contd., by weight, 0.02 to 0.2% Cj_ 0.01 to 0.5% Si^ 0.15 to 2.5% 
Mn, =$0.02% P, iS0.01% S, 0.005 to 0.1% Al^ =$0.01% N and 0.005 to 0.1% Ti and 
furthermore contg. one or ^two kinds among Cr, Mo, Ni, V, B, rare earth metals, Ca, 
Co and Cu according to necessity is formed into a hollow pipe stock by hot piercing 
continuous rolling, which is next subjected to finish rolling to produce a finished 
steel pipe . This steel pipe is subjected to quenching treatment of executing rapid 
cooling from the Ar3 point or above, is thereafter heated to between the Acl point 
and the Ac3 point, is rapidly cooled and is then subjected to tempering treatment 
of executing heating to the Acl point or below and executing cooling. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] As weight %, it is C. : 0.02% - 0.20%, Si:0.01%-0.5%, Mn: 0.15%-2.5%, P : 0.020% or less, 
S : 0.010% or less, aluminum: 0.005%-0.1%, Ti:0.005%-0.1%, N : 0.01% or less is contained. Perform 
slab with which the remainder consists of Fe substantially in the last process of hot-piercing 
continuation rolling, and processing of 3 - 15% of rolling reduction is performed at the temperature of 
900-700 degrees C. Ar3 Point- 100 degree-C-Ar3 The hollow element tube which dropped the 
temperature of +50 degrees C of points Finishing temperature is Ar3 after heating among 900-1000 
degrees C higher than this element tube temperature. Heat finish rolling of +50 degrees C or more of 
points is performed. It is obtained finished steel tubing Ar3 Acl -Ac3 after performing hardening 
processing which quenches from the temperature beyond a point It quenches, after heating to the 
temperature between points, and subsequently it is Acl. It is the high intensity characterized by carrying 
out tempering processing which carries out heating cooling to the temperature below a point, and is the 
manufacture approach of a low yield ratio seamless steel pipe. 

[Claim 2] They are Cr:0.1%-1.5%, Mo:0.05%-0.5%, nickel:0.1%-2.0%, and V as weight % further as a 
slab component. : 0.01% - 0.1 %B : It is the high intensity according to claim 1 characterized by 
containing at least one sort chosen from the element of a group which consists of 0.0003% - 0.0030%, 
and is the manufacture approach of a low yield ratio seamless steel pipe. 

[Claim 3] It is high intensity claim 1 characterized by containing at least one sort chosen from the 
element of a group which consists of rare-earth-elements:0.001%-0.05%, calcium:0.001%-0.02%, 
Co:0.05%-0.5%, and Cu:0.1%-0.5% as weight %, or given in two further as a slab component, and is the 
manufacture approach of a low yield ratio seamless steel pipe. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the seamless steel pipe 

which is high intensity and is a low yield ratio. 

[0002] 

[Description of the Prior Art] The low property of a yield ratio is required from a viewpoint which raises 
the safety to destruction as for the seamless steel pipe used for the line pipe which conveys the object for 
digging or petroleum, such as an oil well, and natural gas. In order to consider as a low yield ratio steel 
pipe with a hot-rolling seamless steel pipe, normalizing processing which reheats and carries out air 
cooling to as [ rolling ] or an after [ rolling ] austenite region is performed, and there is the approach of 
making it systematically the two-layer organization of a ferrite pearlite. However, by such approach, the 
high intensity of API-X grade is not obtained in any. On the other hand, in order to high-intensity-ize, 
when hardening-tempering processing was carried out, there was a problem that a low yield ratio could 
not be attained. 

[0003] It is the steel which has the mixed organization of a ferrite and a pearlite in ordinary temperature 
in JP,2-282427,A in order to solve such a problem Acl +10 degrees C of transformation points to Acl 
Heating and quick cooling-after retention processing are performed to the temperature of +90 degrees C 
of transformation points, and the manufacturing method of the low high intensity steel pipe of the 
maximum hardness which carries out the afterbaking return processing, and a yield ratio is indicated. 
Moreover, they are heating and water cooling to the two-layer temperature region from hardening (930 
degree-CxlOmin water cooling) processing material (bainite subject organization) about the Nb-Mo 
system steel pipe rolled out by "the ingredient and the process" (4 3 No. Vol. 1991 Iron and Steel 
Institute of Japan and 121st lecture (spring) convention draft 552) at the seamless process. - It is shown 
that temper is carried out and low yield ratio material is obtained. Punching rolling of the slab 
containing Ti and Nb is carried out, furthermore, by JP,3-64415,A, after reheating the element tube 
which carried out the temperature reduction and carrying out finish rolling, it quenches, and tempering 
processing is carried out and the manufacturing method of the high toughness seamless steel pipe of a 
fine grain organization is indicated. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in seamless rolling between heat, since ASTM 
No. 1-6 and dispersion had the large austenite grain size after rolling, there was a problem that the 
seamless steel pipe by which reinforcement and a yield ratio were stabilized was not obtained even if it 
performs the above-mentioned heat treatment. This invention solves such a problem, and it is the high 
intensity stabilized by controlling a steel component and rolling / heat treatment conditions, and aims at 
offering the manufacturing method of the seamless steel pipe of a low yield ratio. 
[0005] 

[Means for Solving the Problem] That is, this invention makes the following configurations a summary. 
As weight % C : 0.02% - 0.20%, Si: 0.01%-0.5% Mn:0.15%-2.5%, P : 0.020% or less S : 0.010% or 
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less, aluminum: 0.005%-0.1% Ti:0.005%-0.1%, N : 0.01% or less is contained and the need is accepted 
further. Cr:0.1%-1.5%, Mo: 0.05%-0.5% nickel:0.1%-2.0%, V : 0.01% - 0.1% B : The 1st group 
element which consists of 0.0003% - 0.0030%, Rare earth elements : 0.001% - 0.05%, calcium : 0.001%- 
0.02%, It is the 2nd group element which consists of Co:0.05%-0.5% and Cu:0.1%-0.5%. The slab 
which was chosen from both this group and with which a kind is contained at least and the remainder 
consists of Fe substantially Processing of 3 - 15% of rolling reduction is performed at the temperature of 
900-700 degrees C by the last process of hot-piercing continuation rolling. Ar3 The hollow element tube 
which dropped -100 degrees C [ of points ] - three Ar(s) temperature of +50 degrees C Finishing 
temperature is Ar3 after heating among 900-1000 degrees C higher than this element tube temperature. 
Heat finish rolling of +50 degrees C or more of points is performed. It is obtained finished steel tubing 
Ar3 After performing hardening processing which quenches from the temperature beyond a point, Acl - 
Ac3 After heating to the temperature between points, it sudden-**, and subsequently it is Acl. It is the 
high intensity characterized by carrying out tempering processing which carries out heating cooling to 
the temperature below a point, and is the manufacturing method of a low yield ratio seamless steel pipe. 
[0006] 

[Embodiment of the Invention] The manufacturing method of this invention is explained to a detail 
below. First, the reason limited to the above steel components in this invention is explained. A 
quenching effect is increased, reinforcement is raised and C and Mn are 2 the 40 to 60 kgf/mm yield 
point. It is important in order to be stabilized and to obtain high tensile steel, and in order to reduce a 
yield ratio. When too few, the effectiveness did not exist, and when many [ too ], induction of a quench 
crack, and in order to form a high degree of hardness and to cause the fall of SSC-proof nature, they 
could be 0.02 - 0.20%, and 0. 1 5 - 2.5%, respectively. 

[0007] Si is that in which the deoxidizer remained, and in order that it may raise reinforcement, it is an 
effective component for which a yield ratio is reduced. When too few, the effectiveness did not exist, 
and if many [ too ], in order to increase inclusion and to reduce SSC-proof nature, it could be 0.01 - 
0.5%. 

[0008] Grain boundary segregation was started, P was a harmful component that it is easy to produce a 
crack in the case of processing, and it made the content 0.020% or less in order to cause degradation of 
low-temperature toughness. S forms MnS system inclusion, is extended with heat continuation rolling, 
forms the lamellar structure, and improves the destructive communicability ability of steel. When too 
few, the effectiveness did not exist, and it could be 0.01%, in order to increase inclusion and to stiffen 
the property of steel, if many [ too ]. 

[0009] aluminum is that in which the deoxidizer remained like Si, it combines with N contained as an 
impurity component in steel, stops grain growth, and improves the destructive communicability ability 
of steel. When too few, the effectiveness did not exist, and if many [ too ], in order to increase inclusion 
and to stiffen the property of steel, it could be 0.005 - 0.1%. 

[0010] Ti is the most important element as a diameter control element of crystal grain under seamless 
rolling. It demonstrates the hardenability of the below-mentioned B from deoxidation and an operation 
of denitrification, and raises reinforcement while Ti combines with N contained as an impurity 
component in steel, stops the grain growth after the crystal grain control under hot rolling, and hot 
rolling and improves the destructive communicability ability of steel. When too few, the effectiveness 
did not exist, and if many [ too ], in order to deposit TiC and to embrittle steel, it could be 0.005 - 0.1%. 
N made the content 0.01% or less as a harmful component for which the hardenability of the below- 
mentioned B is reduced. 

[001 1] When the steel of the above-mentioned component presentation raises the reinforcement of steel 
further, components, such as Cr, are added alternatively if needed. Cr, Mo, nickel, and V increase the 
hardenability of steel, and they are added in order to raise reinforcement. Even if many [ when too few 
the effectiveness did not exist, and / too ], the effectiveness was saturated, since it was moreover very 
expensive, the top and the minimum were limited about each, in Cr, 0.05 - 0.5% and nickel were made 
into 0.1 - 2.0%, and 0.1 - 1.5% and Mo made V 0.01 - 0.1%. Moreover, B makes hardenability improve 
remarkably and raises reinforcement. When too few, the effectiveness did not exist, and even if many 
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[ too ], while effectiveness did not change, since toughness and hot-working nature were degraded, it 
made the content range 0.0003 - 0.0030%. What is necessary is just to add each element of Above Cr 
thru/or B alternatively if needed. 

[0012] Furthermore, this invention adds alternatively components, such as rare earth elements, and 
calcium, Co, Cu, if needed, in order to improve the SSC-proof nature of the steel which consists of 
above-mentioned component presentations in view of the operating environment of a seamless steel pipe 
in recent years. Rare earth elements and calcium are effective components which the gestalt of inclusion 
is made to spheroidize and are defanged. Rare earth elements were been, when too few, the effectiveness 
did not exist, and since inclusion is increased and SSC-proof nature was reduced when many [ too ], 
calcium could be 0.001 - 0.02% 0.001 to 0.05%. Co and Cu have the hydrogen invasion depressor effect 
to the inside of steel, and work effective in SSC-proof nature. Co was, when too few, the effectiveness 
did not exist, and since the effectiveness would be saturated if many [ too ], Cu could be 0.1 - 0.5% 0.05 
to 0.5%. 

[0013] Next, the reason which limited the seamless rolled bar affair between heat as mentioned above is 
explained. The steel of the above component presentations is fusion furnaces, such as a converter and an 
electric furnace, or is further ingoted through vacuum-degassing processing, and manufactures slab by 
the continuous casting process or the ingot making cogging method. **** heats slab to the once cooled 
back elevated temperature immediately, and hot-piercing rolling is performed. Whenever [ stoving 
temperature ] must be made sufficiently high in order to make hot-piercing rolling easy. Since trouble 
did not arise at all even if it will carry out hot-piercing processing at the temperature of 1200 degrees C 
or more, if it is^the'steel of this invention component within the limits, whenever [ stoving temperature ] 
was made into 1000-1250 degrees C. 

[0014] The slab-betwe en heat jjteonveyed by the continuous mill between punching rolling post heating, 
is rolled out by a target outer diameter and thickness, and is rough-fabricated to a hollow element tube. 
This rolling has big effect on the quality of the material of the manufactured steel pipe especially a grain 
size number, and a yield ratio. Drawing 1 and drawing 2 show the relation between gamma grain size of 
the steel pipe (table 1 steel component of No.5) which carried out quenching processing after rolling, 
and the rolled bar affair in the last process of hot-piercing continuation rolling, reheating initiation 
temperature and reheating furnace temperature in order to investigate the austenite grain size 
immediately after rolling. As shown in drawing, gamma grain size immediately after rolling changes 
with monograph affairs a lot with ASTM No.0-8. 

[0015] According to research of this invention etc., it is API. It traced that it was necessary to set to 
ASTM No.3-5 gamma grain size with which are satisfied of the low-temperature toughness demanded 
by the yield ratio of the high-strength steel of X grade class being influenced by the grain size number 
before hardening processing, and a yield ratio falling, so that the diameter of crystal grain is 
comparatively large, a yield ratio, line pipe material, etc. Moreover, it found out that use of gamma grain 
big and rough-ized phenomenon caused by the secondary recrystallization after the distorted induction 
grain growth which takes place from the last process of hot-piercing continuation rolling to obtaining 
gamma grain size of ASTM No.3-5 by reheating was indispensable. 

[0016] gamma grain-size control using distortion induction grain growth becomes possible by 
specifying the rolled bar affair in the last process of hot-piercing continuation rolling, reheating 
initiation temperature, and reheating furnace temperature as follows. That is, in 900-degree-C **, since 
the strain energy introduced by processing falls with recovery and recrystallization, in order that the 
driving force of distortion induction grain growth may disappear, big and rough-ization of the diameter 
of crystal grain does not take place, but the pressing-down temperature in the ultimate-pressure total of 
hot-piercing continuation rolling checks the fall of the yield ratio of a steel pipe. Therefore, the pressing- 
down temperature in the last process of hot-piercing continuation rolling is limited to 900-700 degrees 

C. — - 

[0017] In this hot-piercing continuation rolling, 0 - 2% of a rolling draft is [ the driving force of 
distortion induction grain growth ] insufficient, at 15% or more, in order that the driving force of 
distortion induction grain growth may disappear by gamma grain growth in which the strain energy 
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accumulated becomes large too much, and does not have strain energy after pressing down or in a 
subsequent reheating process, big and rough-ization of the diameter of crystal grain does not take place, 
but the fall of the yield ratio of a steel pipe is checked. Therefore, the rolling draft in the last process of 
hot-piercing continuation rolling was limited to 3 - 15%. 

[0018] It is 850 degree-C-Arl after pressing down. Although hollow rough tubing which descended to 
the temperature of a point is reheated and finish rolling is carried out In - with an Ar of three to 100 
degree C three to 150 degree C Ar, rapid abnormality big and rough-ization of gamma grain takes place, 
and low-temperature toughness deteriorates remarkably, and the driving force of distortion induction 
grain growth disappears at 3+50 degree C of Ar(s), and moderate gamma grain big and rough-ization 
does not take place, but this reheating initiation temperature checks the fall of the yield ratio of a steel 
pipe. Therefore, reheating initiation temperature after pressing down is set to 3+50 degree C of - with an 
Ar of three to 100 degree C Ar(s). On the other hand, if hardening temperature after the last finish 
rolling between heat cannot be secured and it exceeds 1000 degrees C, while less than 900 degrees C of 
reheating temperature are insufficient for gamma grain growth, while rapid big and rough-ization of 
gamma grain breaks out and low-temperature toughness deteriorates remarkably, a lot of scale-arises on 
a steel front face, and it has a bad influence on the surface grace of a steel pipe. Therefore, reheating 
temperature at the time of finish rolling is made into the temperature / of 900 degrees C - 1000 degrees C. 



[0019] In the hollow element tube heated by 900-1000 degrees C, finishing temperature is Ar3. The last 
finish rolling between heat used as +50 degrees C or more of points is performed, and hardening 
processing is performed to obtained finished steel tubing. It is Ac3 -Acl which the cooling initiation 
temperature after the last finish rolling between heat serves as stable sufficient hardening organization, 
and secures the reinforcement, the sour-proof nature, and the toughness to need, and is performed after 
hardening processing. The need of securing the homogeneity of an organization acquired by the 
quenching processing from a point to Ar3 It carries out in +50 degrees C or more of points. 
[0020] Ar3 After performing hardening processing which quenches from +50 degrees C or more of 
points, it is Ac3 -Acl continuously. It reheats at a point and quenching processing is performed after 
that. This processing is an important process on this invention for obtaining the high intensity and the 
low yield ratio of a fine grain organization. Reheating temperature influences target reinforcement and a 
yield ratio greatly, this temperature — Ac3 -Acl it is the range - especially if it becomes, although it 
will not limit - Acl if it becomes less than +50 degrees C of points - a strong remarkable fall - causing 
- moreover, Ac3 since there is an inclination for a yield ratio to become high at -50 degrees C or more 
of points — Acl Point +50 degree-C-Ac3 considering as the temperature requirement which is -50 
degrees C of points - ** - it is desirable. The time of direct quenching, and Ac3 -Acl Although 
especially the cooling rate from a point is not limited, let it be a rate quicker than air cooling. 
[0021] Then, Acl Tempering processing heated and cooled to the temperature below a point is 
performed. It carries out for accumulating and tempering temperature is [ which secures stabilization of 
reinforcement, sour-proof nature, and toughness ] Acl. What is necessary is just below a point. It does 
not limit especially about the heating approach. 

[0022] The steel pipe obtained on the above manufacture conditions is suitable for the seamless steel 
pipe which there is no dispersion in gamma grain, and is a fine grain organization, and has the need of 
providing sour-proof nature and many properties of toughness by high intensity and the low yield ratio. 
[0023] 

[Example] the conditions which refine with a converter the molten steel of the component shown in 
Table 1, make this molten steel a cast piece by continuous casting, and show this below - seamless 
rolling-direct quenching - and - succeedingly ~ Acl -Ac3 The two phase region processing to a point 
which carries out heating quenching, and Acl The following tempering processings were performed. 
[0024] The cast piece processing conditions of this invention are as follows. 

Whenever [ cast piece stoving temperature ] : I200jlegrees C The ultimate-pressure total of hot-piercing 
continuation rolling : 850 degree-Cx5% Reheatinglnitiation temperature : 3+50 degree C of - with an 
Ar of three to 75 degree C Ar(s) The last finish rolling temperature : 850 degrees C The last finish 
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rolling draft : 20% Direct-quenching temperature : 900 degrees C Whenever [ two phase region stoving 
temperature ] : 780-860 degrees C Tempering temperature : 600 degrees C of the following processings 
were performed as an example of a comparison again. 

Whenever [ stoving temperature ] : The ultimate -pressure total of 1200 degree-C hot-piercing 
continuation rolling: 950 degree-Cx5% reheating initiation temperature : The Ar3 +50-degree-C last 
finish rolling temperature : The 850-degree-C last finish rolling draft : 20% reheating hardening 
temperature : 950-degree-C tempering temperature : 600 degrees C [0025] The property (yield strength, 
a yield ratio, SCC-proof nature) of the seamless steel pipe obtained by the above-mentioned processing 
is shown in Table 2. SSC-proof nature is NACE. It evaluated in quest of sigmath (Threshold Stress) by 
the load method according to TM 01-77. As for the steel pipe manufactured by this invention from now 
on so that clearly, it turns out that sour-proof nature is obtained by high intensity and the low yield ratio. 
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[Effect of the Invention] 
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